Objectives: Adherence to medication for the treatment of fibromyalgia (FM) is predictive of lower overall health-care costs, and thus a lower burden on both patients and providers. The objectives of this study were to examine the predictors of adherence to and persistence with duloxetine therapy among commercially insured FM patients, and to identify subgroups of patients with high duloxetine persistence and adherence. Study design: This cross-sectional, retrospective study analyzed medical and pharmacy records over 1 year for patients in the US aged 18-64 years with FM who initiated (no prior 90-day use) duloxetine treatment in 2008. Methods: Adherence to duloxetine was measured by medication possession ratio (MPR), with high adherence defined as MPR $ 0.8. Persistence was defined as the duration of therapy from the index date to the earliest of: the ending date of the last prescription, the date of the first gap of .15 days between prescriptions, or the end of the study period (12 months). Demographic and clinical predictors of adherence were examined via multiple logistic regression (MLR), and subgroups of duloxetine-persistent and -adherent patients were identified using classification and regression trees (CART). Results: Among 4660 duloxetine patients, 33% achieved high adherence. Factors associated with high adherence from MLR included older age, North Central and Northeast regions, prior venlafaxine, pregabalin, selective serotonin reuptake inhibitor (SSRI), or other antidepressant use, or comorbid dyslipidemia or osteoarthritis (all P , 0.05). CART analysis revealed that patients with prior antidepressant use, aged $46, or prior osteoarthritis had higher MPR (all P , 0.05), and patients aged $45 with a history of SSRI, venlafaxine, or anticonvulsant use had longer duration of therapy (all P , 0.05). Conclusions: Patients with high adherence to and persistence with duloxetine were significantly older and had prior antidepressant use.
Introduction
Fibromyalgia (FM) is a chronic and often debilitating syndrome characterized by chronic widespread musculoskeletal pain and stiffness, nonrestorative sleep, and fatigue. 1 Given its many and diverse symptoms, some of which may present with other disorders, FM can be difficult to diagnose. 2 Common comorbidities in FM patients include gastrointestinal disorders, migraines, respiratory or circulatory conditions, and mental and mood disorders. 3 In the United States, the prevalence of FM is estimated at 2%-4%, predominantly in women, and it increases with age. 4 After osteoarthritis, FM represents the second most common disorder treated by rheumatologists. 5 It is estimated that FM treatment translates into an estimated economic burden in excess of US$20 billion annually. 6 The predominant theory underlying the pathophysiology responsible for the increased pain sensitivity (ie, allodynia and hyperalgesia) in those with FM is central sensitization due to dysregulation of pain pathways. 7 Both serotonin (5-HT) and norepinephrine (NE) are key modulators of endogenous pain inhibitory mechanisms via the descending pain inhibitory pathways in the brain and spinal cord. 8 It has been postulated that in FM, the net inhibitory effect of critical monoamines, such as 5-HT and NE, is reduced or lost, consequently shifting the descending pain modulatory system from a state of inhibition toward a state of pain facilitation. 9, 10 This idea is supported by the clinical observation that FM patients have lower levels of 5-HT and NE metabolites in their cerebrospinal fluid compared to controls. 11, 12 Duloxetine is a potent and selective dual 5-HT and NE reuptake inhibitor that has been shown to be effective in treating patients with FM. [13] [14] [15] [16] As a consequence, duloxetine was approved in the US for the treatment of FM in 2008. Given its recent approval, there has not been ample opportunity to study the real-world use of duloxetine in managing FM. In this vein, only recently have observational studies been published examining adherence to duloxetine in FM patients. [17] [18] [19] [20] Previous studies have shown that FM patients on higher doses (ie, .30 mg/day) of duloxetine were more likely to adhere to treatment and that higher adherence was associated with lower commercial health-care costs. 19, 20 Given the importance of medication adherence and persistence to treatment outcomes, including costs, the present study was designed to examine the predictors of adherence to and persistence with duloxetine therapy among commercially insured FM patients who initiated duloxetine in 2008. Although previous reports have focused on adherence to duloxetine treatment and its predictors, [17] [18] [19] [20] we are unaware of any study that has examined either duloxetine persistence or its predictors in FM patients. A second study goal was to identify subgroups of FM patients who were persistent with or adherent to duloxetine using classification and regression tree (CART) analysis.
Methods

Study design
This was a cross-sectional, retrospective claims database analysis assessing 1-year adherence and persistence to duloxetine.
Data sources
The study sample was constructed from the Thompson Reuters MarketScan Commercial Claims and Encounters Database (January 1, 2007 to December 31, 2009). A summary of how the study sample was generated is listed in 
Study procedures
The study cohort selection criteria are summarized in Table 1 . As shown, the target population of this study was adult FM patients aged 18-64 years who were initiated on duloxetine therapy. The inclusion criteria for this study were as follows. (1 
Measures of adherence and persistence
Patient adherence to duloxetine was reported based on medication possession ratio (MPR). The MPR was defined as the number of days that duloxetine was supplied from all claims during the 1-year study period after the index date divided by 365 days. High and low adherence to duloxetine were defined as MPRs of $0.80 and ,0.80, respectively.
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Thus a patient who filled prescriptions adequate to supply the drug for at least 80% (292 days) of the 1-year period was considered to have high adherence. Patient persistence was measured using duration of therapy, defined as the duration of therapy from the index date to the earliest of either (1) the ending date of the last prescription; (2) the date of the first gap of .15 days between prescriptions; or (3) the end of the study period (12 months). 21 High and low persistence with duloxetine were defined as durations of $180 and ,180 days, respectively. 22 
Statistical analysis
Patients were classified into two cohorts based on high or low adherence. Differences in demographic and clinical characteristics between the two adherence cohorts were examined via chi-square test (categorical variables) or t-test (continuous variables). A stepwise multiple logistic regression (MLR) analysis with 0.1 as the entry and 0.05 as the exit significance levels was used to determine predictors of adherence, adjusting for the following patient and prescription characteristics: patient age; gender; geographical region (Northeast, North Central, South, and West); health plan type (consumer-driven health plans; comprehensive, exclusive provider organization; health maintenance organization; high-deductible health plan; point of service; preferred provider organization; and other plans); comorbidities in the prior year; select psychiatric, chronic pain, and sleep disorders; and use of medications in the prior year (psychotropic, sleep, and pain).
In addition to comparisons between the dichotomous highand low-adherence and -persistence cohorts, factors associated with the best adherence and persistence outcomes were independently identified using CART analysis. Patients with FM were recursively partitioned into more homogeneous subgroups with respect to adherence or persistence based on the optimal factors (ie, demographic characteristics, comorbidities, or prior medications) at each split. Partitioning was stopped when adherence or persistence for the two subgroups resulting from a partition was not statistically different using a χ 2 test (for binary adherence) or F-test (for MPR or duration of therapy) (α = 0.05) or the node size was less than 250 patients (about 5% of the whole population).
Analyses were conducted using SAS version 9.1 (SAS, Cary, NC) or Enterprise Miner version 5.2 (SAS), and the significance level was set a priori at P , 0.05.
Results
Demographic and clinical characteristics
Of the final sample of 4660 patients, approximately 88.6% were female (n = 4130, vs 530 males), and average age was 48 years. Almost 77% of the patients lived in the North Central or Southern regions of the US, and 61% were enrolled in a preferred provider organization (Table 2) .
Based on MPR, the "low" adherence cohort (MPR , 0.80) comprised 3122 of the 4660 patients (67.0%), while the "high" adherence cohort (MPR $ 0.80) comprised 1538 patients (33.0%) ( Table 2 ). The average MPRs for the low and high duloxetine-adherence cohorts were 0.33 and 0.94, respectively. Regarding duloxetine persistence, the low-adherence cohort had an average duration of therapy of 76.3 days, whereas the high-adherence cohort had an average duration of therapy of 279.4 days. Overall, the most prevalent comorbid submit your manuscript | www.dovepress.com Dovepress Dovepress medical conditions observed in addition to FM were low back pain, dyslipidemia, and hypertension (Table 3) . Rates of low back pain (43.0% vs 38.0%; P , 0.001) and anxiety (10.2% vs 7.8%; P = 0.01) were significantly higher in the low (compared with the high) duloxetine-adherence cohort. Rates of dyslipidemia (33.2% vs 27.2%; P , 0.001), osteoarthritis (22.7% vs 17.9%; P , 0.001), and psoriatic arthropathy (2.1% vs 1.2%; P = 0.017) were significantly higher in the high (compared with the low) duloxetine-adherence cohort. In the low duloxetine-adherence cohort, .64% of patients used antidepressants and approximately 50% of patients used anticonvulsants prior to duloxetine initiation. In addition, approximately 75% of patients used narcotics and about 50% used nonsteroidal anti-inflammatory drugs (NSAIDs) in the prior 12 months. Rates of antidepressant (71.4% vs 64.4%; P , 0.001), anticonvulsant (53.5% vs 49.3%; P = 0.006), selective serotonin reuptake inhibitor (SSRI) (40.0% vs 30.9%; P , 0.001), pregabalin (33.0% vs 28.7%; P = 0.003), and venlafaxine (a dual 5-HT and NE reuptake inhibitor) (10.2% vs 6.7%; P , 0.001) use were significantly higher in the high compared with the low duloxetine-adherence cohort.
Predictors of duloxetine adherence
Summarized in Table 4 are the factors associated with high adherence to duloxetine therapy identified using a stepwise MLR approach. Among all the variables used in the model (ie, patient demographics, comorbidities, and prior medication use), the strongest association identified was that individuals .35 years old were more likely to adhere to duloxetine therapy compared to patients 18-35 years old (odds ratios = 1.42, 1.80, and 2.04 for 36-45, 46-55, and 56-64-year age-groups, respectively; all P , 0.05). In addition, patients living in the North Central or Northeast regions of the US were more likely to be in the high-adherence cohort compared with the Southern region (odds ratios = 1.22 and 1.38 for North Central and Northeast regions, respectively; both P , 0.05). Other significant factors associated with high 
Predictors of duloxetine persistence
Summarized in Table 4 are the factors associated with high persistence with duloxetine therapy, identified using MLR.
As with the comparable analysis for adherence, the strongest association identified was that individuals .35 years old were more likely to persist with duloxetine therapy compared with patients 18-35 years old (odds ratios = 1.43, 1.85, and 1.89 for 36-45, 46-55, and 56-64-year age-groups, respectively; all P , 0.05). Geographically, patients living in the North Central region of the US were more likely to be in the highpersistence cohort compared with the Southern region reference group (odds ratio = 1.18; P , 0.05). Hypothyroidism was a significant factor associated with high persistence with duloxetine therapy (odds ratio = 1.24; P , 0.05), whereas chronic pulmonary disease and interstitial cystitis were associated with low persistence with duloxetine therapy (odds ratios = 0.79 and 0.33, respectively; both P , 0.05). Finally, prior use of SSRIs, venlafaxine, cyclooxygenase-2 selective inhibitors, anticonvulsants, or antidepressants was associated with high persistence with duloxetine therapy (odds ratios = 1.28, 1.51, 1.26, 1.36, and 1.27, respectively; all P , 0.05), whereas prior use of narcotics was associated with low persistence with duloxetine therapy (odds ratio = 0.86; P , 0.05).
Examination of subgroups using CART analysis
Across the whole FM patient cohort, the average MPR was 0.53. The CART model identified prior use of antidepressants, patient age, and history of osteoarthritis as the most important factors defining the high-MPR subgroups. Patients who used antidepressants, were 45 years of age or older, and had osteoarthritis were more likely to possess duloxetine ( Figure 1A ). The subgroup meeting these criteria accounted for 515 (11.1%) of the 4660 patients with an elevated MPR (0.62). Highly adherent patients accounted for 33% of the whole FM patient cohort. The CART model identified patient age and prior use of SSRIs as the most important factors defining duloxetine-adherent subgroups in patients with FM ( Figure 1B) . Patients who were 46.5 years of age or older and used SSRIs were more likely to adhere to duloxetine. The subgroup meeting these criteria accounted for 1011 (21.7%) of the 4660 patients with an elevated adherence rate (44%).
On average, the duration of therapy was 143 days across the whole FM patient cohort. The CART model identified prior use of SSRIs or venlafaxine, patient age, and use of anticonvulsants as the most important factors defining subgroups with longer duration of therapy. Patients who used SSRIs and anticonvulsants and were 44.5 years of age or older were more likely to persist with duloxetine treatment ( Figure 1C ). The subgroup of 621 patients (13.3%) meeting these criteria had an average duration of therapy of 181 days. Similarly, patients who did not use SSRIs, but used venlafaxine, were also more likely to persist with duloxetine treatment ( Figure 1C ). The 283 patients (6.1%) who met these criteria had an average duration of therapy of 187 days.
Discussion
The present retrospective database study analyzed a large US-based commercial claim and encounters database to examine the predictors of adherence to and persistence with duloxetine therapy in FM patients over a 1-year period. To our knowledge, this is the first study to examine persistence with duloxetine therapy or its predictors. Overall, this cohort of FM patients had a combined average duration of therapy of 279.4 days. Comparing patients with high and low persistence using multiple logistic regression, higher persistence was associated with age . 35 years, geographic region, and prior use of antidepressants, anticonvulsant, cyclooxygenase-2 inhibitors, SSRIs, or venlafaxine. Greater age, geographic region, and prior use of antidepressants, and SSRIs or venlafaxine in particular, were also significantly associated with high adherence. Using CART analysis, which automatically detects key interactions between covariates, we independently identified prior use of SSRIs or venlafaxine and patient age as the most important predictors of With respect to adherence to duloxetine treatment, using a criterion of MPR $ 0.80, approximately 33% of the FM patients included in this study were classified as having high adherence. Predictors of high adherence to duloxetine treatment included a prior history of antidepressant use and greater age. These findings were consistent irrespective of the statistical analysis method employed (ie, MLR or CART analyses). It is interesting to note, however, that had a 6-month follow-up period been employed instead of a 1-year follow-up period, MPRs would have been considerably different across the FM patients (data not shown), which could potentially impact the factors identified as well as the predictive value of those factors. Therefore, the duration of periods assessed should be considered when comparing results across different analyses of adherence or persistence, and longer periods may be important to consider when assessing treatments for chronic conditions such as FM.
Similar to a previous study, 5 approximately 90% of the FM patients were female, and most of the FM patients had many comorbid medical conditions. In general, the two adherence cohorts had similar medical history profiles; however, there were some differences with respect to prevalence: rates of anxiety and low back pain were significantly higher in the low duloxetine-adherence cohort, whereas rates of osteoarthritis, psoriatic arthropathy, dyslipidemia, and hypertension were significantly higher in the high duloxetine-adherence cohort. Given that osteoarthritis, dyslipidemia, and hypertension may be expected to be more common in older patients, it is perhaps not surprising that these were associated with the older, more adherent cohort. Notably, however, these comorbidities did not significantly associate with high persistence. This finding suggests that the relationship between comorbid disease and persistence may be different from that between comorbid disease and adherence.
As previously mentioned, FM is a complex medical condition, with patients often taking multiple medications concomitantly. 19, 20 Similar trends were observed in the present study, with the vast majority of FM patients taking numerous medications in the year prior to study initiation, with narcotics, antidepressants, and anticonvulsants among the most prevalent. The concomitant use of narcotics and antidepressants was common in the FM patients and concordant with the literature. 5 Although not unexpected, opioid use among the FM patients was frequent despite clinical guidelines suggesting that this drug class (other than tramadol) 
Dovepress
should be prescribed only after other alternatives have been fully exhausted. 23 In addition, although concomitant medication use was not systematically analyzed, the possibility of combined duloxetine and pregabalin therapy has been proposed previously. 24 In a post hoc analysis of our data, at least one pregabalin prescription during the 1-year study period was recorded for 27% of patients with low adherence and for 30% of patients with high adherence, suggesting little or no correlation with adherence to duloxetine. Nonetheless, an in-depth analysis of concomitant medication usage could be a valuable addition to future studies.
Almost half of FM patients also used NSAIDs despite their lack of efficacy in treating FM, [25] [26] [27] although this may be underestimated given that over-the-counter medication use was not captured. The widespread use of NSAIDs in this patient population may reflect the management of other painrelated comorbidities, such as low back pain and arthritis. Future studies assessing the use of NSAIDs in this patient population is certainly warranted.
This study has several limitations related to being a retrospective study based on a claims database. First, as a consequence of the study design, findings can only be interpreted as association and not causality. Second, as this was a claims database analysis, there exists potential for selection bias, miscoding of information, and consequent biases in estimation. Third, all medical conditions were identified solely based on ICD-9-CM diagnosis codes recorded in the administrative claims database, which may be subject to inaccuracies as no validation with patient medical records was performed. Fourth, prescription records were used to quantify patient adherence to therapy, which may not adequately reflect actual consumption. Finally, an important limitation was that no data pertaining to severity or duration of FM, pain levels, or socioeconomic data on education, ethnicity, employment status, income, and family environment were available. Such variables may be associated with adherence and persistence outcomes, and their inclusion might have resulted in improved identification of key patient subgroups. Thus, caution must be used when interpreting these results, particularly for some of the general factors associated with adherence and persistence, such as geographic region, which might reflect identifiable social or demographic factors that were not captured in the data sets analyzed here. Given the difficulty of reliably assessing pain levels in the absence of validated rating instruments, as well as the difficulty in accurately assessing time of onset for FM, data on the impact of pain levels and duration of FM from prospective studies may be needed to understand the impact of these factors on adherence and persistence. If such data were strongly associated with adherence or persistence, their availability would be expected to allow greater specificity in identifying those patients most likely to continue and benefit from further therapy.
In conclusion, the findings from this study indicate that one-third of FM patients were highly adherent to duloxetine therapy over a 1-year period. Patients who achieved high adherence to duloxetine therapy were significantly older and had a prior history of antidepressant use. In addition, in this cohort of FM patients, the CART model identified prior use of SSRIs or venlafaxine and patient age as the most important predictors of longer duloxetine therapy. These findings may be of use in identifying patient subgroups most likely to adhere to and persist with treatment of their FM with duloxetine, thus resulting in reduced overall health-care costs and burden for these patients and their health-care providers.
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